Background: Estimate shows that about one billion people rely on fish as primary source of animal protein.
Background
Fish is the most important single source of high-quality protein which provides around 19%, 7.6%, > 11%, < 21%, and 19% of animal protein consumed in Africa, North and Central America, Europe, Asia, and LIFDCs [low-income food deficit countries] (including China) respectively (FAO, 2009) . While estimate shows that about one billion people rely on fish as primary source of animal protein, global fish consumption was expected to hit the target of 110 million tonnes by 2010 (Tidwell & Allan, 2001) .
Coptodon zillii originates from freshwater in tropical and subtropical Africa, the Near East, and West and East Africa, as well as Israel and Jordan Valley. Adults and fingerlings feed on food materials at the benthic region of shallow waters (Gophen, 2016) . Documented evidence shows that spawning season commences in April and ends by August, with many cycles of reproduction annually (Ben-Tuvia, 1978) .
Findings have shown that low temperatures induce reduction in its tolerance level to parasites. Hence, this predisposes the fish to infections which, depending on the intensity, may lead to serious pathological changes in the morphology of visceral organs, stunted growth, poor fish quality, and mortality of many which results in huge economic loss to the fish industry (Klinger & Floyd, 2002; Gophen, 2016) . Tilapia zillii, a related species, has been known to be parasitized by different species of parasites, including nematodes, hirudines (Ejere et al., 2014) , trematodes (Echi, Eyo, Okafor, Onyishi, & Ivoke, 2012; Ibrahim & Soliman, 2010) , ciliophorans (Shulman, 1984) , trypanosomes (Ahmed, Tawfif, & Abbas, 2000) , and acanthocephalans (Bayoumy, Abd El-Hady, & Osman, 2006) . Currently, the global record portraying Nigeria as the largest producer of fishes (over 15,489 tonnes per annum) in Africa (FAO, 2007) is being threatened by the presence of various species of parasites that consider fishes as suitable definitive hosts. Control strategies will, however, be ineffective if there are scanty epidemiological data. Based on this premise, we undertook this present study to identify species of parasites, their prevalence, mean intensities, and indicators of infection of Coptodon zillii in Zobe Dam, Garahi community of Dutsin-Ma Local Government Area, Katsina State.
Methods

Study area
This study was carried out in Zobe Dam (see Fig. 1 
Study design and sample size
This present cross-sectional study was carried out between November 2014 and April 2015. Four hundred and eleven (411) samples of Coptodon zillii caught with fishing nets were purchased from local fishermen within this period.
Fish biometric data collection and dissection
Fish samples were transported to the Biology Laboratory of Federal University Dutsin-Ma, where sex and biometric data were recorded. Weight was taken to the nearest 0.01 g using PGW Precision (capacity: maximum of 120 g; readability: 0.001 to 0.01 g) and Nimbus Analytical (capacity: maximum of 450 g; readability: 0.0001 g) Balances manufactured by AE (Adam Equipment) Adam® (United Kingdom) while standard and total lengths were measured to the nearest 0.01 cm using meter rule and thread. Fulton's condition factor (K) was calculated from fish weight and standard length as described elsewhere (Tr ng, Mulder, van Arendonk, & Komen, 2013) . Mechanical stunning method was employed to sacrifice the fish (Biu & Nkechi, 2013) . With the aid of a dissection scissors, a medial line was cut on the ventral part of the fish in longitudinal manner which extended to the cloaca from the neck region. This exposed the internal anatomy. Sex of fish was identified by examining external secondary sexual features and observing the ovaries/testes after dissection on a rectangular board.
Recovery and identification of parasites
The intestines of the fish were transferred to petri dishes, and longitudinal slits were made to expose the gut content in aqueous medium. Parasites, where present, appeared amidst gut content as milky objects resembling grains of rice. They were examined under Motic® Binocular Microscope (New York, USA) using × 4 objective. Parasites were subsequently kept in normal saline and transported to the Department of Animal and Environmental Biology, University of Benin, Nigeria, for identification. Parasites were flattened under a cover slip on a microscope slide and fixed and preserved in 10% formol-saline. Subsequently, they were serially dehydrated in 50, 70, 90, and 100% alcohol respectively. Xylene was used to clear the effect of the alcohol while the worms were stained in aceto-carmine (Carleton, 1980) for less than 30 min. The histological procedure culminated in the use of Canada balsam to prepare permanent mounts. The parasites were identified as Acanthogyrus tilapiae based on the identification keys recommended by Yamaguti, 1963 .
Statistical analysis
The data collected from this study were entered into Microsoft Excel 2010 and analyzed with Epi Info™ 7. Excel spreadsheet was used to calculate Fulton's condition factor. While descriptive statistics was employed in the analysis of the data obtained, association between exposed variables and the prevalence of infection was determined using chi-square. Prevalence and intensity of infection were computed at 95% CI (confidence interval). The strengths of these associations were measured by means of odds ratio at 95% CI. Statistical significance was considered at 95% confidence level (CL) with P value of less than 0.05.
Results
The mean ± standard deviation of total length and weight of the fish sampled were 17.51 ± 2.59 cm and 107.49 ± 37.89 respectively (see Table 1 ). It is clear from Table 2 that the overall prevalence and mean intensity of Acanthocephala infection were 16.30% (12.94-20.31) and 1.46 (1.19-1.72) parasites per Coptodon zillii respectively. While prevalence was higher in female Coptodon zillii, mean intensity of infection was found to be higher in males. The differences were, however, not statistically significant (p > 0.05). Meanwhile, the highest prevalence and mean intensity of infection were recorded among fish with total length ranges of 17.0-23.9 cm and 11.0-16.9 cm respectively (see Fig. 2 ). Invariably, prevalence and mean intensity increased significantly (χ 2 = 14.001; p = 0.0002) as the length of fish increased (see Table 2 ). Moreover, fish with length range of 17.0-23.9 cm had odds ratio of 3.78(1.81-7.89).
As shown in Table 3 below, the prevalence of Acanthogyrus tilapiae infection increased insignificantly as the height of fish increased (χ 2 = 0.165; p = 0.6843) while the mean intensity of infection decreased insignificantly as the height of fish increased. Conversely, there was a significant increase in the prevalence of infection as the weight of the fish sampled increased (χ 2 = 6.055; p = 0.0139) while mean intensity of infection increased insignificantly as weight increased. It is worth noting that the odds ratio for fish in the weight group 190.1-250.0 g was 3.38 (1.05-10.84).
Discussion
In summary, the key findings of this study show that the overall prevalence and mean intensity of Acanthocephala infection were 16.30% (12.94-20.31) and 1.46 (1.19-1.72) parasites per Coptodon zillii respectively; prevalence and mean intensity of Acanthocephala infection significantly increased as the length of fish increased (χ 2 = 14.001; p = 0.0002) with fish having a length range of 17.0-23.9 cm being about four times more likely to be infected compared to those with 11.0-16.9 cm length [COR (95% CI) 3.78(1.81-.89)]. In like manner, there was a significant increase in the prevalence of infection as the weight of fish increased (χ 2 = 6.055; p = 0.0139) with those belonging to the weight category 190.1-250.0 g being three times more likely to be infected compared to those in the 70.1-130.0 g category [COR (95% CI) 3.38 (1.05-10.84)]. Besides, Fulton's condition factor was a major determinant of infection with piscine acanthocephaliasis (χ 2 = 13.981; p = 0.0002). Based on these, it is obvious that the aims of this present study were achieved.
Reports from different parts of the world have indicated that acanthocephalan parasites are a major threat to the health of fishes (Nabi, Tanveer, Ganaie, Niyaz, & Abdullah, 2015) . In the wild of Kenya and Uganda, findings revealed that Acanthosentis sp., a member of the Acanthocephala group, recorded prevalence values of 7.1 and 10.2% as well as mean intensities of 1 and 1.6 parasites per Coptodon zillii respectively (Florio et al., 2009 ). The value of mean intensity obtained in this present study (1.46 parasites per fish) is closely related, suggesting an infection at early stage. Besides, a suspected recent adoption of a suitable intermediate host of acanthocephans as fish bait in the study areas might be responsible for this.
Moreover, in agreement with the findings of this study, previous reports have shown that prevalence and mean intensity of infection increased with the increase in the body size of the fish (Allumma & Idowu, 2011; Aloo & Dezfuli, 1997; Goselle, Shir, Udeh, Abelau, & Imandeh, 2008; Ibrahim, 2012; Saha, Bandyopadhyay, Roy, & Ghosh, 2015) . This did not come as a surprise because larger fishes, with more capacity to consume larger quantity of food, possess longer intestines which in turn absorb more nutrients that are of benefits to parasites. In addition, since size reflects age, old fishes usually have long exposure to parasites compared to young fishes. It is, however, puzzling that the findings of Khalil, El-Shahawy, & Abdelkader, 2014 contradicted this by asserting that "the larger-sized fish were less affected by infection than the smaller-sized fishes". In agreement with the latter, Biu & Nkechi, 2013 reported that "smaller Coptodon zillii were more susceptible to parasitic infections than larger ones." This scenario might have been caused by immunological, ecological, or behavioral factors. In aquaculture, condition factor is often used as an index of feeding intensity and growth among fishes (Abowei, 2010; Ighwela, Ahmed, & Abol-Munafi, 2011) . Of the four condition factors based on length-mass relationships (Cone, 1989) , this present study made use of the Fulton's condition factor which assumes isometric growth of fish (Blackwell, Brown, & Willis, 2000; Ogamba & Abowei, 2013; Schmidt-Nielsen, 1984) . Table 3 shows that all the infected fish fell within the lowest range of Fulton's condition factor (0.005-0.104).
The interpretation of this is that fishes with low condition factor are more susceptible to parasitic infection and as such not likely to undergo isometric growth. This implies that parasitism has a negative effect on growth. Previously, in Nigeria, parasitized male Clarias gariepinus had been reported to have had a low condition factor, compared to unparasitized ones (Oniye, Adebote, & Ayanda, 2004) . However, findings of a study conducted in England showed that there was no significant difference between the mean Fulton's condition factors of infected and uninfected fish species (Pegg, Williams, Cucherousset, & Britton, 2011) .
Nevertheless, this cross-sectional study is caught in the web of some limitations which the authors hope would be avoided by other researchers in the future. Firstly, the sample size was arbitrarily determined. Secondly, study of probable affinity for a specific intestinal microhabitat by Acanthogyrus tilapiae was not captured by this present survey. Thirdly, the fish samples used in this survey were not blot-dried before they were weighed.
Conclusion
Based on the findings of this study, it could be concluded that length, weight, and condition factor were indicators which contributed substantially to piscine acanthocephaliasis in Zobe Dam. The baseline information provided by this survey will serve as a guide to future researchers in the study area with respect to sample size determination as well as the expected parasitic fauna of Coptodon zillii.
In view of reports indicting acanthocephalans as biomarkers of lead (Pb) pollution (Paller, Resurreccion, de la Cruz, & Bandal Jr, 2016; Sure, 2003) , further study is, however, recommended to ascertain this hypothesized heavy metal pollution in the study area and its environs. 
